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MULTIFUNCTIONAL MOBILE APPLIANCE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/125,105, ?led Mar. 19, 1999, and 
entitled Multifunctional Mobile Appliance. This application 
further claims the bene?t of the following US. Disclosure 
Documents: No. 401088, ?led Jun. 10, 1996; No. 410384, 
?led Jan. 3, 1997; No. 449094, ?led Jan. 5, 1999. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not Applicable 

REFERENCE TO A MICROFICHE APPENDIX 

[0003] Not Applicable 

BACKGROUND OF THE INVENTION 

[0004] People Who oWn laWns, or are tasked With main 
taining them, continually struggle to keep them aesthetically 
trimmed. The patent record documents many attempts to 
simplify the task of laWn moWing, but very feW innovations 
have had enough merit to be Widely adopted. Today, laWn 
moWing is still largely a hot, exhausting labor that requires 
the use of noisy, polluting, dangerous equipment. 

[0005] The members of a typical yard-oWning family 
Would be delighted to Wake up each morning and ?nd their 
grass precisely trimmed to a desired height Without any 
effort on their part, With no related air or noise pollution, 
With no threat of injury (even to children or pets), With no 
need to hire moWing personnel Who Would invade their 
privacy, and even, With no visible sign of a moWer. The 
present invention can satisfy each of these desires and do so 
at loW cost. 

[0006] The prior art illustrates a long history of attempts to 
automate laWn moWing. Almost all of these designs contin 
ued the mindset of moWing as a periodic process Where a 
user brings the automatic moWer into the area to be moWn 
and returns it to storage after the moWing is completed. 

[0007] One proposed method of controlling the movement 
of the moWer (US. Pat. No. 4,347,908, Anderson; US. Pat. 
No. 4,831,813, Jones et al.) Was to connect it to a physical 
track that Would guide it around the laWn. Another method 
Would use a buried Wire for the same purpose (US. Pat. No. 
4,180,964, Pansire; US. Pat. No. 4,919,224, Shyu et al.). 
Both approaches are expensive, labor intensive and disrup 
tive to the laWn. 

[0008] Other designs Would require the user to start the 
moWer in exactly the same spot each time and let a storage 
medium direct the moWer to repeat a set of motions made 
during a recording run. The storage media referenced 
include magnetic (US. Pat. No. 3,789,939, Geislinger), 
plastic tape (US. Pat. Nos. 3,650,097 & 4,354,339, Nokes), 
or paper tape (US. Pat. No. 4,694,639, Chen, et al.). Each 
of these designs suffers from the ampli?cation of small 
positional errors. Such errors may be introduced by varia 
tions in the moWer’s starting location and rotation, by 
changes in motor ef?ciency or by Wheel slippage caused by 
such things as variations in grass height, moisture condi 
tions, or temperature. 
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[0009] Noonan, et al., in US. Pat. No. 5,204,814, recog 
niZed the need to adjust for such variations. He proposed 
burying metal reference points at various locations along the 
moWer path. The moWer Would detect these reference points 
as it passed and use them to correct for any deviations from 
its desired path. This greatly complicates the initial site 
preparation and the complexity of the routing algorithm. 
Instead of just playing back a set of Wheel-drive commands 
recorded by the user, the invention must noW knoW hoW to 
interpret sensor data related to the buried metal and override 
the command playback. The buried markers also make it 
dif?cult for the user to modify the moWing geometry after 
making landscaping changes. 

[0010] Many of the prior-art patents depend on a pre 
de?ned perimeter only. The perimeter may be a physical 
barrier, a manually moWn strip, or a buried Wire. The user 
must expend considerable effort creating any of these perim 
eters. 

[0011] Where there is a manually moWn strip, the auto 
matic moWer generally uses some form of edge detection to 
folloW the inside edge of the moWn strip. It Will then spiral 
inWard to the center of the laWn area. The edge detection 
method could be a mechanical arm With an electrical sWitch 

(US. Pat. No. 3,924,389, Kita; US. Pat. No. 4,184,559, 
Rass; US. Pat. No. 4,887,415, Martin; US. Pat. No. 5,507, 
137, Norris), the breaking of a light beam (US. Pat. Nos. 
4,133,404, Grif?n; US. Pat. No. 4,603,753, Yoshimura; US. 
Pat. No. 4,777,785, Rafaels), or a change in motor load (US. 
Pat. Nos. 5,007,234 Shurman, et al.; US. Pat. No. 5,444,965 
Colens). Manufacturers have a hard time making either the 
mechanical sWitches or the light beams rugged enough for a 
moWing environment. They are susceptible to bending and 
corrosion, clogging With plant debris and juices, and errors 
caused by changes in moisture content. The systems that 
search for increased motor loading can be misdirected by 
non-uniform grass groWth rates and moisture content. 

[0012] Many designs that incorporate a buried perimeter 
Wire (US. Pat. Nos. 3,550,714, 3,570,227 & 3,698,523, 
Bellinger) or a ?xed barrier Wall (US. Pat. No. 5,323,593, 
Cline, et al.) have used a random moWing pattern. The 
random-Walk approach Will signi?cantly extend the time 
required for all of the grass to be cut. 

[0013] The concept of using Wireless triangulation (US. 
Pat. No. 4,700,301, Dyke) for navigation has been applied to 
the control of farming equipment. Similarly, satellite navi 
gation using the Global Positioning System [GPS] has been 
used for utility right-of-Way clearing (US. Pat. No. 5,666, 
792, Mullins), rice farming (US. Pat. No. 5,438,817 & US. 
Pat. No. 5,606,850, Nakamura), and the moWing of ?elds 
(US. Pat. No. 5,528,888, Miyamoto, et al.). For national 
security reasons, the accuracy of the GPS available to the 
public Was purposefully limited to approximately 100 
meters by its administrator, the United States Department of 
Defense (USDOD). This intentional signal corruption is 
knoWn as Selective Availability (SA) [see US. Pat. No. 
5,838,562, Gudat, et al., or US. Pat. No. 5,684,696, Rao, et 
al., for a detailed description of GPS]. Much of the intro 
duced error can be eliminated using a technique knoWn as 
differential GPS (DGPS) Which compares data from the 
roving receiver to the same satellite data received at a knoWn 
?xed location nearby. The most accurate DGPS receiver, 
hoWever, still has an inherent error of considerably more 
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than one meter and this is not suf?ciently accurate for most 
home, yard, or industrial appliances. The term appliance, as 
used in this document, is inclusive of mobile machines that 
perform a Wide range of repetitive operations or tasks over 
a de?ned Work area. 

[0014] Recently, the traditional concept of moWing as a 
periodic process has begun to yield to the idea of letting an 
autonomous moWer continually perform the moWing task 
for the duration of the growing season (US. Pat. No. 
5,323,593, Cline; U.S. Pat. No. 5,444,965 Colens). Such an 
approach has the advantage of further minimiZing the 
amount of user interface required. It also enables the ideal 
condition of having the laWn alWays trimmed to the same 
desired height. Because the incremental amount of grass 
removed becomes very small, the moWer is inherently 
mulching, so there is no need for the user to be concerned 
about raking or removing the cut grass. Also, a motor 
designed to cut off a small increment of grass can be smaller 
and quieter than a motor designed to Wade through tall grass. 

[0015] Because moWers have traditionally been dangerous 
appliances, one can see an obvious problem With alloWing a 
moWer to continuously moW a laWn. Many toes and ?ngers 
have been cut off inadvertently by moWer users. Most 
prudent users Would consider it unWise to alloW a robotic 
laWnmoWer to Wander around their laWn continually While 
their children and pets played in that same yard. At least tWo 
inventors have proposed the idea of using thin, raZor-blade 
like cutting blades that are free to rotate aWay if they impact 
something more massive than grass (US. Pat. No. 4,777, 
785, Rafaels; U.S. Pat. No. 5,444,965 Colens), such as a 
human hand. While this feature might keep the blade from 
severing ?ngers, there is no questioning that a raZor blade 
spinning at thousands of revolutions per minute Will do 
serious damage to an errant hand or foot. 

[0016] Other automated, or robotic, appliances have gone 
through an evolution similar to the moWers. Principal among 
these are ?oor maintenance appliances Which may perform 
a task such as vacuuming, Waxing, or polishing. 

[0017] As With the moWer technology, most of the ?oor 
maintenance prior art approaches the task as a periodic one. 
The user brings the appliance to the Work site and puts it 
aWay after the task is complete just as he Would if he Were 
performing the Work manually. In one instance (US. Pat. 
No. 4,369,543, Chen, et al.), the vacuum is remote con 
trolled by the user. 

[0018] Many prior art devices have a standard appliance 
cord that the user must plug into an alternating-current (AC) 
Wall socket (US. Pat. No. 5,621,291, Lee). In one example 
(US. Pat. No. 5,634,237, Paranjpe), the user ?rst vacuums 
a room manually to program the device. The softWare then 
?gures out hoW to repeat the process Without tangling the 
cord given the eXisting set of obstacles. If the objects in the 
room change, or are moved, the device Will need to be 
reprogrammed. Another device (US. Pat. No. 5,841,259, 
Kim, et al.) uses an ultrasonic sensor to avoid objects and 
spools out its poWer cable as it proceeds. It is not clear hoW 
it avoids getting the cable tangled up around the objects in 
the room. 

[0019] One cleaning device (US. Pat. No. 5,537,017, 
Feiten, et al.), navigates by picking up its cord or a token and 
moving it a set distance from one side of the machine to the 
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other as it moves from one side of the room to the other. 
When it reaches the far Wall, it turns so that the cord or 
tokens are on the other side of the device and repeats the 
procedure in the opposite direction, gradually inching its 
Way doWn the length of the room. While this approach might 
perform adequately in an open, rectangular room, it Would 
quickly become unWorkable in a typically cluttered room. 

[0020] If users need to con?gure the device before and 
after each use, the amount of time saved is likely to be 
minimal. 

[0021] Almost all of the prior art uses ultrasonic and or 
infrared (IR) sensors to help guide the device (US. Pat. No. 
5,001,635, Yasutomi, et al.; US. Pat. No. 5,440,216, Kim; 
Us. Pat. No. 5,568,589, HWang) and detect potential col 
lisions. The typical approach is for the device to traverse the 
length of a room (US. Pat. No. 5,548,511, Bancroft) or hug 
the perimeter (US. Pat. No. 5,867,800, Leif) While gather 
ing sensor input. Using the captured data, the device calcu 
lates a path to folloW to cover the entire ?oor surface. The 
path consists of a sequence of Wheel rotations for a desired 
combination of vehicle translations and rotations. As it 
folloWs the dead-reckoned path, the device uses additional 
sensor data to adjust for implementation errors. This 
approach may Work reasonably Well in an open, rectangular 
room. Most rooms, hoWever, are croWded With different 
types of furniture or are irregular in shape. Rooms often 
have a variety of Wall coverings as Well. Each of these 
factors changes the magnitude and direction of sonar or IR 
pulse re?ections returning to the machine and complicates 
navigation. It is also not practical, in most applications, to 
have a dedicated machine for each room, yet it is very 
dif?cult to program these type devices to navigate from 
room to room. 

[0022] John Evans, et al., proposed guiding the robot by 
analyZing images of the overhead light ?xtures (US. Pat. 
No. 4,933,864). For institutions that use a standard lighting 
?Xture, this might seem like in appealing approach, but that 
very regularity Would make it difficult to accurately deter 
mine Where in a given hallWay or room the machine is 
located. Furthermore, the image processing Would be com 
plicated by variations in the amount of light re?ected from 
different objects in the room and by burnt-out light bulbs. In 
a later patent (US. Pat. No. 5,051,906), the same inventors 
proposed adding strips of IR re?ective tape to the ceiling. 
The robot Would track its motion by shining an IR source at 
the ceiling and detecting the pulse of light re?ected When the 
beam crossed the re?ective tape. Bruce Field (US. Pat. No. 
5,020,620) adopted a similar approach With re?ective strips 
placed in front of the appliance. The value of the device to 
a user Will decrease substantially if he needs to start making 
signi?cant modi?cations to his environment in order to use 
the machine. The danger exists that the user may not make 
the changes correctly or that items Will be moved or dam 
aged inadvertently later by the user or by a third party. 

[0023] John Wilkins (US. Pat. No. 4,114,711) proposed 
using re?ective strips to correct the playing back of a 
recorded sequence of robot motions. This is similar to the 
approach, described above, of burying metal pieces in a yard 
to correct the playback of the path recorded for a moWer 
(US. Pat. No. 5,204,814, Noonan, et al.). It has the same 
de?ciencies. 

[0024] Another invention (US. Pat. No. 5,165,064, Mat 
taboni), uses directional IR beacons mounted on the ceiling 
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to help guide the device. Yet another makes use of bar-code 
scanners (US. Pat. No. 5,279,672, Betker, et al.). In each 
case, the user has to make and maintain sophisticated 
modi?cations to the environment Where the appliance Will 
be used. 

[0025] As With the moWing technology, some cleaning 
appliances have been designed to move randomly (US. Pat. 
No. 4,173,809, Ku; US. Pat. No. 5,787,545, Colens). The 
Ku device is simple in design, but cannot recharge itself and 
is unable to detect stairs or other drop-offs. Since the device 
folloWs a random path, it is likely that it Would Wander from 
the room Where it Was started before completing its task 
there. The machine might then, inadvertently, tumble doWn 
a stairWay in another room damaging itself and presenting a 
haZard to the occupants of the building. 

BRIEF SUMMARY OF THE INVENTION 

[0026] The present invention is a multifunctional mobile 
appliance capable of discerning its position anyWhere on or 
above the surface of the earth to a precision of several 
millimeters or better using the Real Time Kinematic Global 
Positioning System (RTK-GPS), or other similar high-pre 
cision positioning systems. 

[0027] By sWapping different task performing means, or 
Work modules, onto the front of a mobile unit, the invention 
can perform a variety of robotic tasks, including, but not 
limited to, moWing, edging, fertiliZing, cultivating, Weeding, 
raking, mulching, vacuuming, sanding, polishing, shampoo 
ing, painting, or pressure Washing. 

[0028] In its vegetation-cutting application, the present 
invention cuts With revolving blades placed inside a 
mechanical ?lter structure. The structure alloWs vegetation 
to freely pass into the cutting area, but blocks larger objects 
such as ?ngers, toes, tree branches, or stones. 

[0029] The present invention is quiet enough to operate in 
the middle of the night Without disturbing residents. There 
fore, it can be programmed to perform a task such as 
maintaining a laWn at a constant desired height Without ever 
operating While its oWner is aWake or outside. 

[0030] The present invention can be battery poWered and 
is capable of recharging itself. After initially guiding the 
device around the desired operating perimeters, the user 
need have little involvement With the invention. 

[0031] The present invention has an obstacle detection 
system that uses proximity sensors, such as ultrasonic trans 
ducers, and impact sensors to help protect the mobile unit 
and provide it With feedback regarding the job it is perform 
mg. 

[0032] The present invention is small and nimble, alloW 
ing it to navigate regions that have narroW stretches or sharp 
curves that Would impede traditional devices. In the illus 
trated embodiment, the Work module extends outside of at 
least one Wheel so that the device can easily perform its task 
close to Walls or over edging strips. For the moWing embodi 
ment, this Will eliminate the need for manual edge trimming. 

[0033] The present invention can communicate With its 
user through a Wireless link that interfaces With the World 
Wide Web In this manner, the invention can send 
the user email, voice mail, fax or other message formats. 
Messages might include a printout of a map describing the 
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area over Which Work is to be performed. Other messages 
could include status reports or Warnings regarding obstacles 
encountered, such a abandoned toys or fallen tree limbs. The 
mobile unit could automatically check on-line databases, 
such as those provided by the Weather service, that might 
help it adapt its use pro?le to avoid impediments. The 
invention could periodically doWnload softWare updates 
through this same communications link. 

[0034] The user can easily modify the programmed perim 
eters that de?ne the areas over Which Work is to be per 
formed. The same machine can be used to perform a variety 
of tasks through the simple substitution of interchangeable 
Work modules. The present invention includes appliances 
that have a single ?xed Work module as Well as those that 
can substitute different Work modules With or Without assis 
tance from the user. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0035] The accompanying draWings, Which are incorpo 
rated into and constitute a part of this speci?cation, illustrate 
a preferred, but non-restrictive, embodiment of the invention 
and, together With a general description of the invention 
given above and the detailed description for the preferred 
embodiment given beloW, serve to explain the principals of 
the invention. 

[0036] FIG. 1 is the top, front vieW of one embodiment of 
the mobile portion of the invention. 

[0037] FIG. 2 is a top, rear vieW of the FIG. 1 embodi 
ment, shoWing the mobile unit parked at a ?xed station. 

[0038] FIG. 3 shoWs the FIG. 2 vieW Without the ?xed 
station and With the carriage housing removed to illustrate 
components that might be mounted Within. 

[0039] FIG. 4 illustrates the FIG. 1 vieW With the Work 
module housing removed. 

[0040] FIG. 5 shoWs the FIG. 4 vieW With additional 
components removed to reveal the module mounting 
bracket, shoWn detached from the carriage housing. 

[0041] FIG. 6 illustrates a portion of one Work-module 
embodiment and shoWs tWo possible embodiments of a 
vegetation-cutting blade assembly. 

[0042] FIG. 7 illustrates a Work module distribution 
means Whereby the mobile unit can automatically inter 
change different types of Work modules for a variety of tasks 
Without user assistance. 

[0043] FIG. 8 is a functional block diagram of one 
embodiment of the electronics in the mobile portion of the 
invention. 

[0044] FIG. 9 is a functional block diagram of one 
embodiment of the electronics in the ?xed station portion of 
the invention. 

[0045] FIG. 10 illustrates hoW a user might guide the 
mobile unit around the various functional perimeters of an 
example Work area. 

[0046] FIG. 11 is a state diagram of one embodiment of 
the softWare that Would enable the user to program the 
region over Which Work is to be performed. 
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[0047] FIG. 12 is a state diagram of one embodiment of 
the software that Would guide and control the mobile unit 
While it is performing its programmed task. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Mechanics 

[0048] The embodiment of the invention disclosed in the 
accompanying draWings has tWo core elements: a mobile 
unit 1, shoWn assembled in FIG. 1, and a ?xed station 2, 
illustrated in the foreground of FIG. 2. The principal func 
tion of the mobile unit 1 is to intelligently perform an 
automated task, Whether that is the fertiliZing, trimming or 
Weeding of vegetation, Waxing, sanding, polishing or vacu 
uming of a ?oor, shampooing of a carpet, or a variety of 
other tasks. The principal function of the ?xed station 2 is to 
provide the supporting functions that enable or enhance the 
tasks Which the mobile unit 1 is designed to perform. 

[0049] In a preferred embodiment of the invention, the 
mobile unit 1 is battery poWered. An example of a battery 
poWer pack 3 is illustrated in FIG. 3. The mobile unit 1 Will 
need to be able to recharge such a poWer pack 3 continually, 
or periodically. One embodiment Would use a bank of 
photovoltaic devices mounted on the mobile unit 1 to supply 
the energy for such recharging. The energy-conversion ef? 
ciency of photovoltaics, electronics, and motors Would set a 
loWer bound on the required solar-exposed surface area 16, 
62 of the mobile unit 1. 

[0050] For a smaller, more nimble, mobile unit 1, a 
preferred embodiment Would have the mobile unit 1 return 
periodically to an energy distribution means, illustrated here 
as being located at the ?xed station 2, for an energy transfer. 
One embodiment Would make use of the Well understood 
technology of inductive energy transfer. The ?xed station 2 
Would be connected 4 to the poWer grid. Electronics inside 
the ?xed station 2 Would then convert the energy to a 
frequency that is ef?cient for inductive transfer and the 
mobile unit 1 Would park underneath or adjacent to an 
energy-transfer paddle to receive energy. 

[0051] An important aspect of this invention is the use of 
a high-accuracy positioning system such as the RTK-GPS, 
administered by the USDOD. The RTK-GPS is a dramatic 
improvement over traditional GPS. It incorporates carrier 
phase information to improve positional accuracy by orders 
of magnitude, even in the presence of SA (see US. Pat. No. 
5,519,620 & US. Pat. No. 5,757,646, Talbot, et al., for a 
RTK-GPS description). ARTK-GPS receiver can also incor 
porate navigational information from the equivalent Russian 
satellite netWork, knoWn as Global Navigation Satellite 
Systems (GLONASS), to improve accuracy and reliability. 
The European Space Agency (ESA) has begun aWarding 
contracts for the creation of a neW precision satellite navi 
gation system. There is every reason to believe that the 
present invention could be easily modi?ed to incorporate 
information from such neW positioning systems to enhance 
the precision and robustness of the mobile unit’s 1 naviga 
tion softWare. 

[0052] The mobile unit 1 and the ?xed station 2 Will knoW 
their relative locations very accurately. Therefore, a simpler 
alternative to the inductive charging system described above 
might be a direct conductive linkage as illustrated in FIG. 2. 
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In this embodiment, the mobile unit 1 Would back onto a 
track 5 that is part of the ?xed station 2, thus ensuring the 
proper coupling elevation. A probe 6 on the ?xed station 2 
Would mate With a corresponding socket 7 located on the 
mobile unit 1. One possible mechanical implementation of 
such a coupling probe 6 is illustrated in the foreground of 
FIG. 2. The enlarged vieW 8 shoWs a cross section of the 
probe 6 vieWed from the top and sectioned in the middle. 
Electrical contacts 9 are protected from the environment by 
a cover 10 that is pushed out past the end of the electrical 
contacts 9 by a spring 11. When the mobile unit 1 backs into 
the probe 6, it pushes back the cover 10 alloWing the 
electrical contacts 9 to emerge and mate With matching 
connectors 12 inside the mobile unit’s 1 poWer socket 7. A 
variety of coupling mechanisms could accomplish the same 
goal. 
[0053] To obtain the best accuracy from any of the satellite 
positioning systems, the invention Would incorporate a ?xed 
or base receiver to Work With the mobile or rover receiver. 

The ?xed receiver, Whose position is knoWn, acts as a local 
reference that helps the mobile receiver eliminate positional 
errors introduced by environmental noise as Well as SA 
noise purposely introduced for security reasons by the 
USDOD. The United States government has announced that 
it intends to eliminate SA in the near future. The illustrated 
embodiment of the invention has a ?xed receiver located 
under the protective dome 13 of the ?xed station 2. Other 
embodiments might incorporate ?xed receivers that service 
a collection of mobile units 1. For instance, in certain 
locales, a DGPS is currently implemented by placing a ?xed 
receiver at a local radio or television station and broadcast 
ing the differential information to mobile receivers. The 
United States Coast Guard has also placed a netWork of 
reference or base receivers for DGPS applications along the 
United States coastline on existing direction-?nding bea 
cons. Finally, the United States Federal Aviation Authority 
(USFAA) is implementing a continental-Wide DGPS called 
the Wide Area Augmentation System (WAAS) and a Local 
Area Augmentation System (LAAS) for accurately guiding 
planes during landings. These systems are, or Will be, freely 
available for other commercial applications. While the 
DGPS is not as accurate as the RTK-GPS, a similar approach 
could be used for the RTK-GPS. In any differential system, 
the ability of the reference receiver to correct errors 
decreases as the distance betWeen the reference receiver and 
the mobile receiver increases. The optimal differential sys 
tem Would, therefore, have a dedicated reference receiver for 
each mobile unit 1, placed as close as possible to that unit. 
The limiting factor for practical application is cost, but the 
cost for the associated electronics is falling rapidly. 

[0054] The ?xed receiver can improve the accuracy of the 
motion of the mobile unit 1 by sending the mobile unit 1 the 
error-correction information it calculates. The most effective 
means for transferring this data is through a Wireless link. 
One embodiment, as described above, might be to transmit 
that information from a local radio station, Coast Guard 
beacon, or USFAA transmitter to a Wide area. Another 
embodiment Would use the cellular radio infrastructure to 
broadcast error-correction data. A further embodiment 
Would send the information over phone or cable TV Wires in 
combination With a short-distance Wireless link. The illus 
trated embodiment incorporates a short-distance, spread 
spectrum or frequency-hopping transceiver. Many indepen 
dent transceivers could operate in a common area because of 
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the broadband signal transmitted. The transceivers could 
encode the transmitted data to further eliminate cross talk 
betWeen unrelated transceiver pairs. 

[0055] In the illustrated embodiment the GPS and trans 
ceiver antennas are integrated With their respective electron 
ics and protected behind the ?xed station 2 and mobile unit 
1 housings (13 & 16 respectively). Another embodiment 
could use a more traditional external antenna mounted on 

the outside of the housings. 

[0056] The effectiveness of the mobile unit 1 can be 
enhanced by enabling it to send information to the ?xed 
station 2. The ?xed station 2 is shoWn having a Weather 
resistant phone jack 14 connecting it to the local phone 
netWork. Other embodiments might have the ?xed station 2 
equipped With a connector for a coax or ?ber-optic cable. 
The Wireless to land-line interface does not need to be 
grouped together With the other functions shoWn as part of 
the ?xed station 2. It might be, instead, handled at a remote 
central-processing station. In each case, the utility connec 
tion, in combination With the transceiver set, enables the 
mobile unit 1 to have full access to a variety of communi 
cations media, including the WWW. The illustrated embodi 
ment also has a strain-relief ?tting 15 to help keep the phone 
and poWer cables secure against vibration or cable move 
ment. 

[0057] The combined Wireless and land line communica 
tions link described above permits the mobile unit 1 to 
communicate With the user via numerous communication 

utilities, including voice mail, faxes, email, and Web pages. 
For instance, the mobile unit 1 could send the user a plot 
shoWing the outlines of the areas being moWn, vacuumed, 
etc. (see FIG. 10). It could send status reports to the user 
indicating progress made or requesting assistance in the 
event of dif?culty. After a storm, for example, a mobile unit 
1 With a moWer Work module 18 installed, might encounter 
fallen tree limbs in a yard. The user could be alerted to this 
haZard by the mobile unit 1 through these communications 
media. The invention could disable itself and alert the user 
of its oWn theft since it Would be able to sense its forced 
removal from a given geographic location. The mobile unit 
1 might also communicate With the user through a customer 
service data base on the WWW. Thus, even if a thief Were 
able to block the communications link, the data base Would 
still be able to report the theft to the user due to the absence 
of regular communication With the device. In addition, the 
invention could update its softWare routinely, using its 
connection to the WWW. It could search online databases 
for pertinent information. For a mobile unit 1 used outdoors, 
such information might include Weather forecasts. For a 
mobile unit 1 used for an indoor, industrial application, such 
information might include company Work schedules, area 
access codes or active coordination With other mobile units 
1. 

[0058] The ?xed station 2, illustrated in FIG. 2, is 
designed for an outdoor application. The user stakes the 
?xed station 2 into the earth using the mounting holes 17. A 
similar ?xed station 2 could be used for an interior appli 
cation, With the stakes replaced With screWs, nails, or 
adhesive. 

[0059] The mobile unit 1 could perform many tasks more 
ef?ciently if it had the ability to pick up materials or dispose 
of Waste products. Examples of source materials might 
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include, among others, fertiliZer, Water, seed, or insecticide 
for laWn care, protective coatings, detergent, or abrasive 
particles for ?oor care. Similarly, examples of Waste mate 
rials might include Water, dust, clippings, absorbents, and 
the residue from applied materials. To facilitate the addition 
of materials to and the removal of Wastes from the mobile 
unit 1, the embodiment illustrated in FIG. 2 includes a 
socket 147 on the mobile unit 1 that engages a mating noZZle 
146 on the ?xed station 2. For simplicity the illustrated 
embodiment uses a common noZZle for both material dis 
pensing and Waste collection. The invention could just as 
easily contain separate noZZles for these tasks. The illus 
trated embodiment shoWs a variety of mobile unit 1 support 
functions being provided at the ?xed station 2. Such func 
tions might include material dispensing, Waste collection, 
energy distribution, communications, and the provision of a 
navigational reference. They are illustrated in this fashion 
for simplicity. There is no requirement that these functions 
be placed together at the same site nor that they necessarily 
be ?xed in location. 

[0060] In another multifunctional embodiment, the task 
performing means Would be automatically detachable. FIG. 
7 illustrates one means for distributing different Work mod 
ules 18 to a mobile unit 1. Acollection of Work modules 18, 
150-154 is shoWn suspended from tWo tracks to create a 
vertical carrousel. The mobile unit 1 Would approach the 
Work module distribution means 148 and direct it to queue 
up an empty slot to accept the Work module 18 that is 
presently attached to the mobile unit 1. Aramp 149 ensures 
that the elevation of the mobile unit 1 matches that of the 
distribution means 148. The mobile unit 1 Would then direct 
the distribution means 148 to position the desired next Work 
module 150 Which could be any of the available modules. 
The mobile unit 1 could control the distribution means 148 
through a variety of mechanisms, including a direct Wireless 
connection, a direct conductive coupling, or communication 
through the World Wide Web via the ?xed station 2. As an 
example, the mobile unit 1, after moWing, could sWap a 
moWer Work module 18 With a fertiliZing Work module 151. 
LikeWise, While performing the task of re?nishing a ?oor, 
the mobile unit 1 could exchange sanding 152, Waxing 153, 
and polishing 154 Work modules. 

[0061] The productivity gains provided by the ?exible use 
of a variety of different Work modules 18 could be enhanced 
through interaction With support facilities provided over the 
WWW. Regarding laWn care, for instance, a support utility 
could process local information about rainfall and tempera 
ture, deciduous conditions, hours of sunlight, soil condition, 
and even preprogrammed information regarding the vegeta 
tion present in different portions of the Work areas. The 
support utility could use this information to direct a given 
mobile unit 1 over the course of a year to perform tasks like 
fertiliZing, Watering, moWing, mulching, aerating, or apply 
ing pesticides in a safe, appropriate and timely fashion. This 
same customiZation Would Work Well for a variety of other 
tasks, both indoor and outdoor. 

[0062] The GPS Was not designed to function indoors. 
Building structures hamper receiver effectiveness, by attenu 
ating and re?ecting the transmitted satellite signals. Signals 
that reach the receiver through any path other than a straight 
line from the transmitting satellite are referred to as multi 
path. Multipath Will degrade the accuracy of traditional GPS 
receivers. Automatic gain control (AGC) circuitry, choke 
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ring antennas, and advanced digital signal processing (DSP) 
algorithms are examples of circuitry and techniques that this 
invention can use to enable the RTK-GPS to function 
properly indoors. The mobile unit 1 could also use data from 
inertial navigation 145 to help it ?lter out multipath. The 
received line-of-sight satellite signals should be the ones that 
most closely match the location calculated by inertial navi 
gation. Recent advances in silicon microelectromechanical 
systems (MEMS) have dramatically reduced the cost of 
inertial navigation components such as sensitive accelerom 
eters and angular rate sensors. Other inertial navigation 
components include gyroscopes and magnetometers. These 
components could be used in combination With the Wheel 
rotation encoders to provide very accurate information 
regarding Where the mobile unit 1 is located relative to a 
?xed station 2. 

[0063] The mobile unit 1 has tWo principal components: 
the carriage 27 and the Work module 18. In the illustrated 
embodiment, the carriage 27 includes the motor functions, 
the navigation electronics, the poWer supply and energy 
storage, and the user interface circuitry. The Work module 18 
is a means for performing a particular task. For the embodi 
ment illustrated, the Work module 18 is designed for moWing 
and trimming. As described above, other Work modules 18 
might include, among other tasks, tools for spreading fer 
tiliZer, raking and mulching leaves, cultivating gardens or 
crops, painting or sealing surfaces, vacuuming or shampoo 
ing rugs, sanding or polishing ?oors. 

[0064] FIG. 3 shoWs the carriage 27 With its housing 16 
removed. The embodiment illustrated has tWo large Wheels 
19, driven by separate motors 20, coupled through trans 
missions 21. Stepper motors are a logical choice for the 
motors because of their simple interface to digital control 
lers. Since they rotate in discrete angular steps, they lend 
themselves Well to positioning applications, such as this one. 
The transmission 21 illustrated is a belt drive for simplicity 
and to permit slippage in the event of a torque overload. 
Another embodiment could just as easily use a gear set 
because the motor itself Will slip in the event of a torque 
overload. This embodiment Would include a rotation sensor 
71, Which might be a Hall effect or optical sWitch, or a 
magnetic or optical encoder. The sensors Will enable the 
mobile unit 1 to verify rotation and detect slippage. The 
transmission 21 enables the optimiZation of motor torque 
and rotational speed in order to obtain the best performance 
from the smallest and least-expensive motors. In yet another 
embodiment, the Wheels 19 could be directly driven by the 
motors 20 and the transmissions 21 could be eliminated. 

[0065] The illustrated pilloW blocks 24 provide the bear 
ing surface betWeen the Wheel axles, the motor platform 25, 
and the motor transmissions 21. They also help block 
environmental contaminants from entering the mobile unit 
1. Other embodiments could include a Wide range of 
mechanical drive-Wheel interfaces. 

[0066] Inexpensive motor-drive electronics have enlarged 
the motor 20 options. In addition to stepper motors, almost 
any other type of motor could Work, including brushless DC, 
AC induction, servo, etc. The ideal motor may vary depend 
ing on the Work module 18 used and the price trade-off 
betWeen the motors 20 and their drive electronics. 

[0067] The illustrated motors 20 could be cooled With 
integral fans. For applications such as the moWer or fertil 
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iZer, Where the invention Will be permanently stationed 
outdoors, this could complicate the effort to seal out envi 
ronmental contaminants and attenuate acoustic emissions. In 
the illustrated embodiment, therefore, the motors 20 are 
cooled through conduction. They are shoWn mounted on a 
metal base 25 With heat ?ns 26 to Wick aWay the motor heat. 
Apreferred embodiment Would line the inside of the mobile 
unit 1 housings 16, 62 With sound-dampening material. A 
preferred embodiment Would also include metal shielding 
around those components generating electromagnetic inter 
ference (EMI) to improve the performance of the on-board 
electronics and conform With government EMI emission 
regulations. 

[0068] The drive Wheels 19 in this embodiment are sepa 
rately driven and can rotate in opposite directions. This 
alloWs the mobile unit 1 to folloW intricate patterns and 
make turns With close to a Zero turning radius. In another 
embodiment, a single, more poWerful motor 20 combined 
With a more complicated transmission system 21 could be 
used to accomplish a similar objective. 

[0069] The carriage 27 of the mobile unit 1 depicted in this 
embodiment has pivoting castor Wheels 22 (see FIG. 5) to 
provide stability and help keep the Work modules 18 a 
constant distance from the ?oor or ground during grade 
changes. FIG. 3 illustrates sockets 23 for tWo such castor 
Wheels 22. 

[0070] A vegetation-trimming Work module 18 is shoWn 
attached to the front of the carriage 27 in FIG. 1. The 
illustrated Work module 18 is permanently linked to the 
carriage 27 though an electrical cable 28. For applications 
Where the carriage 27 Will be used With a variety of Work 
modules 18, the electrical cable 28 could be replaced With a 
quick-disconnect connector that might be electro-mechani 
cally actuated. FIGS. 3 & 4 illustrate hoW the elevation of 
the attached module can be adjusted accurately and easily. 
While the illustrated Work module 18 does not need elec 
tronics in the module itself, the carriage 27 Will be better 
able to accommodate a multitude of Work modules 18 if such 
modules also include electronic circuitry speci?c to the task 
they are designed to perform. The electronics in the module 
could communicate With the electronics in the carriage 28 
over the same electrical cable 28 With Which it receives its 
poWer. The Work module 18 could also communicate With 
the carriage 27 over a Wireless radio frequency (RF) or 
infrared (IR) link in some embodiments. 

[0071] Attached to the base of the frame 31 that holds the 
Work module 18 are feet 30 that ?t into slots 29 spaced at 
regular intervals on the front of the carriage 27. At the top 
of the frame 31 are a set of quarter-turn fasteners 32 shoWn 
open in FIG. 5 and closed in the other ?gures. The user 
places the feet 30 in the slots 29 and pivots the frame 31 so 
that the vertical rods 33 of the quarter-turn fasteners 32 go 
into the mating channels 34 on the carriage. By turning the 
fasteners 32 ninety degrees counter-clockWise, the rods 33 
are locked in place. The channels 34 have a grooved surface 
and the quarter-turn fasteners 32 have a bit of spring along 
their pivot axis, so the rods 33 can clear the grooved surfaces 
as they rotate and ?t snuggly in the appropriate grooves. In 
addition, the illustrated embodiment shoWs a friction-?t, 
matching dimple and bump 35 to the left of the unlatched 
quarter-turn fasteners 32. These tWo features, When engaged, 
help to securely hold the fasteners 32 closed even under 
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conditions of prolonged shock or vibration. A myriad of 
quarter-turn, threaded, or other fasteners are currently manu 
factured that could be substituted for the fasteners shoWn in 
this embodiment. 

[0072] The user de?nes an area over Which the Work 
should be performed and, in an ideal World, the invention 
Would be able to proceed over the de?ned region Without 
encountering any obstacles. In practice, hoWever, the mobile 
unit 1 is likely to frequently encounter unexpected obstacles, 
including items deposited by the user, other humans, ani 
mals, or storms. The invention has a variety of mechanisms 
it can use to sense and avoid obstacles. 

[0073] The ?rst obstacle-avoidance mechanism shoWn in 
this embodiment is a set of ultrasonic proximity detectors 
36, 37 mounted on the carriage and facing the front and rear 
respectively. These ultrasonic transducers 36, 37 transmit 
sonar pulses and capture the re?ections to determine the 
nature of the objects in front of them. By mapping the 
amplitude and delay of any re?ections, the mobile unit 1 can 
obtain a snapshot of any objects it is approaching. Ultrasonic 
transducers 36, 37 Work Well over the sensing distances of 
a foot to several meters that Would be appropriate for most 
applications. They also Work Well under adverse Weather 
conditions. 

[0074] These same detectors could be replaced by or 
combined With ones using radar or lidar (light detecting and 
ranging) means. Yet another approach Would be to use 
passive imaging components instead of bouncing pulses off 
of objects. In the imaging example, the detectors 36,37 could 
be visible or infrared (IR) cameras used in conjunction With 
image-processing softWare to detect potential obstacles. 
Since the camera Would be moving, even a single roW of 
passive detectors could be used, With softWare, to paint a 
tWo-dimensional image. There are other sensor types, such 
as capacitive or inductive, that another embodiment might 
use separately or in combination With the above-mentioned 
means to accomplish the obstacle-avoidance task. 

[0075] The mobile unit 1 can protect itself from collisions 
through a second mechanism. The more sensitive portions of 
the Work module 18 in the illustrated embodiment are 
designed to rotate out of harm’s Way When they encounter a 
rigid obstacle. 

[0076] The Work module 18 is suspended on a mounting 
frame 31 that is attached to the carriage 27. FIG. 6 shoWs an 
embodiment of a vegetation-cutting Work module 18. The 
plate 38 that the motor 39 is mounted on pivots around a rod 
40 that runs through the front edge of the plate 38 (see FIG. 
5). In this embodiment, torsion springs 41 are positioned at 
each end of the rod 40. One tang 42 of each spring 41 ?ts 
in a hole in the mounting frame 31. The springs 41 ?t into 
a pair of countersunk regions 65 at each end of the shaft hole 
(see FIG. 6). At the bottom of these countersunk regions 65, 
there is a small parallel, but off-axis, hole for the other spring 
tang 64. The springs 41 rotate the back of the Work module 
18 toWard the ground. Posts 43 at each rear corner stop the 
rotation When they hit the loWer rear bar 44 of the mounting 
frame 31. 

[0077] The Work module 18 Will not need to rotate unless 
a short, small, rigid obstacle is able to defeat the obstacle 
detector 36 and impact the active area of the Work module 
18. In the illustrated embodiment, the active area is the cutter 
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assembly 58, Which consists of a blade assembly 49, 50 
surrounded by a mechanical ?lter 45. The ?lter 45 is 
designed to alloW grass and other vegetation to pass through, 
but to reject rocks, sticks, ?ngers, or toes. It also combs the 
vegetation for a more uniform and accurate cut. The blade 
assembly 49,50 Will probably be able to cut any items that 
can pass through the mechanical ?lter 45. Thus, in addition 
to providing an intrinsic safety feature, the ?lter 45 also 
enhances the life of the blades. 

[0078] If an object does impact the active area of the Work 
module 18, the impact Will cause the rear of the Work 
module 18 to rotate upWard and out of the Way. The 
movement Will release a contact sWitch (not shoWn), alerting 
the mobile unit 1 to the impact so that it can proceed to take 
evasive action. Instead of a contact sWitch, other embodi 
ments might use magnetic (Hall effect, Wiegand effect, etc.) 
or optical sWitches to detect the rotation. There are larger 
probes 46 on each end of the mechanical ?lter 45 that are 
rugged and Will encounter the object ?rst if it is Wide enough 
or off-center enough. Also, if the object has suf?cient height, 
it Will ?rst collide With the rugged base plate 38. In both 
cases, the mobile unit 1 Will detect that it is no longer 
moving forWard and that its drive Wheels 19 are slipping. It 
Will abruptly move backWard. 

[0079] Under normal operating conditions, there Will be a 
direct correlation betWeen the drive signals sent to the 
Wheels 19 and the change in mobile unit 1 position. When 
these do not correlate, the softWare Will investigate the 
discrepancy and try to discern the problem. The information 
available to the program Will include data from the obstacle 
detectors 36,37 and the status of the Work-module rotation 
sWitch identi?ed above. Other feedback could include rota 
tion sensors 71 at each of the motors 20 to identify a slipping 
transmission belt or a stalled motor 20. Finally, the sensors 
installed for inertial navigation 145, such as accelerometers 
and gyroscopes, Would provide additional diagnostic feed 
back in the event of less than optimal operating conditions. 
By integrating all of this feedback, the invention Will be 
better able to distinguish betWeen such events as a Wheel 19 
slipping in a mud trough, a mobile unit 1 ?ipped on its back, 
or a vacuum Work module 18 tangled up in a poWer cord. 
This sensor fusion is also useful in guaranteeing that the 
mobile unit 1 reliably performs such routine tasks as backing 
into an electrical probe 6 for recharging or closely tracing a 
path along the edge of a Wall. 

[0080] In the illustrated embodiment, the motor 39 on the 
Work module 18 drives a blade assembly 49,50 for cutting 
vegetation (see FIG. 6). There is again a transmission 47 
shoWn Which Will alloW for an optimal matching of the 
motor and load characteristics, thus permitting the use of the 
smallest, least-expensive motor. The transmission 47 illus 
trated uses a belt 48, but could just as easily use a gearhead 
or other architecture. Like the earlier motors, this motor 39 
could be a variety of types. The preferred embodiment uses 
a brushless DC motor for its quiet operation, reliability, and 
loW maintenance requirements. 

[0081] The illustrated embodiment of the mechanical ?lter 
45 has a structure consisting of a portion of a holloW-cored 
cylinder that acts as its backbone 59. Protruding from this 
backbone 59 are thin sections of stiff, but resilient, shim 
material 55 that are spaced at a regular interval. The spacing 
is designed to permit vegetation to pass through and be cut, 










































